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21 Abstract
2 To investigate key taste-active components in Takifugu obscurus (T. obscurus), 
3 twenty-eight putative taste compounds in cooked muscle of T. obscurus were 
4 quantitatively analyzed and the pivotal components were identified by taste 
5 reconstitution, omission and addition tests. Moreover, the role of flavor peptides in 
6 overall taste profile of T. obscurus were evaluated. Sensory evaluation revealed that 
7 glutamic acid, serine, proline, arginine, lysine, adenosine-5´-monophosphate, 
8 inosine-5´-monophosphate (IMP), succinic acid, sodium, potassium, phosphates and 
9 chlorides, were the core taste-active contributors to T. obscurus. Besides glutamic 
10 acid, IMP, succinic acid and potassium, the characteristic T. obscurus-like umami and 
11 kokumi profiles were induced by adding flavor peptides, among which 
12 Pro-Val-Ala-Arg-Met-Cys-Arg and Tyr-Gly-Gly-Thr-Pro-Pro-Phe-Val were 
13 identified as key substances on the basis of addition test and dose-response analysis. 
14 The present data may help to reveal the secret of delicious taste of T. obscurus and 
15 provide the basis for development of deeper flavor analysis of pufferfish. 
16 Keywords
17 Taste-active compounds; umami; flavor peptide; taste recombinant; omission test; 
18 Takifugu obscurus
19
20
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22
23
24
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325 Introduction 
26 Due to its extremely delicious taste, pufferfish is very popular in Eastern Asia, 
27 especially in China and Japan.1 China is the largest supplier of pufferfish and around 
28 70% of the annual catch are exported overseas.2 T. obscurus, the most commonly 
29 consumed pufferfish in China, was had a great market since a legal edible policy was 
30 opened in 2016.3 In particular, umami and kokumi taste characteristics of T. obscurus 
31 are highly desirable. It can generate palatable, savory, rich continuity, complexity, and 
32 palatability.4,5 Among the non-volatile taste-active compounds, free amino acids, 
33 5´-nucleotides, organic acids, organic bases, inorganic ions and flavor peptides, were 
34 reported as the contributors to unique taste of raw as well as cooked meat of 
35 pufferfish.1,4-6 Sodium, potassium, glycine, alanine, arginine, 
36 adenosine-5´-monophosphate (AMP), guanosine-5´-monophosphate (GMP) and 
37 inosine-5´-monophosphate (IMP) have been identified as key substances determining 
38 the typical umami taste of pufferfish.4 However, the multiple typical taste compounds 
39 reported above so far are contradictory in T. obscurus. Lately, our research group has 
40 also identified several flavor peptides originated from T. obscurus by using a series of 
41 sensory-guided separation and purification technology processes.5,6 However, their 
42 sensory impact and contribution on overall taste profile in T. obscurus remain largely 
43 unclear.
44 Due to complex interactions in foodstuffs, it is difficult to reveal the contribution of 
45 each flavor compounds only through quantitative analysis and individual flavor 
46 characteristics study.7,8 The omission experiment, known as removing an individual or 
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447 a group of compounds from a mixture content to measure the sensory effect on its 
48 taste profile, has bridged the gap between physicochemical analysis and sensory data.9 
49 Furthermore, complex relationships such as synergistic or masking effects among 
50 components can be simplified by omission test, thus allowing a full analysis of the 
51 taste contribution of the food extract studied.8 This method has been widely used to 
52 figure out the key taste-active components in food, such as the Yangtze Coilia 
53 ectenes, crustaceans, the oval squid, tea, tomato and so on.10,11,12-15 
54 Based on the above sensory technique, to answer the puzzling question as to which 
55 key taste compounds are responsible for the characteristic taste as well as the role of 
56 flavor peptides in overall taste profile of T. obscurus precisely, the objectives of the 
57 present work were (І) to quantitate the putative taste-active compounds in boiled 
58 muscle of T. obscurus; (II) to identify the key taste contributors and validate their 
59 sensory profile by taste reconstitution, omission and addition tests; and finally, (III) to 
60 perform dose-response analysis in a simplified taste recombinant to evaluate the taste 
61 contribution of flavor peptides in T. obscurus. 
62 Materials and Methods
63 Chemicals. AMP (≥ 99%), GMP (≥ 99%), IMP ( ≥ 99%), free amino acids [aspartic 
64 acid (≥ 99%), glutamic acid (≥ 99%), serine (≥ 99%), glycine (≥ 99%), threonine (≥ 
65 98%), alanine (≥ 99%), proline (≥ 99%), arginine (≥ 99.5%), lysine (≥ 98%), valine (≥ 
66 98%), histidine (≥ 99%), tyrosine (≥ 98%), phenylalanine (≥ 99%), isoleucine (≥ 
67 98%), leucine (≥ 98%), cysteine (≥ 97%), methionine (≥ 98%)], betaine (≥ 99%), 
68 trimethylamine N-oxide dihydrate (TMAO, ≥ 99%), trimethylamine (TMA, ≥ 98%), 
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569 succinic acid (≥ 99.5%) and lactic acid (≥ 98%) (Sigma-Aldrich Corp., Shanghai, 
70 China); titanium chloride (TiCl3), trichloroacetic acid (TCA), Reinecke’s salt and 
71 acetone (Sinopharm Chemical Reagent Corp., Ltd., Shanghai, China); methanol and 
72 acetonitrile used for chromatography are HPLC grade (ANPEL Laboratory 
73 Technologies Inc., Shanghai, China); the standards of sensory analysis, NaCl (≥ 
74 99%), monosodium glutamate (MSG, ≥ 99%)), sucrose (≥ 99%) and citric acid (≥ 
75 99%), were purchased from Sigma-Aldrich Corp (Shanghai, China) while quinine 
76 sulfate (≥ 98%) was obtained from Shanghai Yuanye Bio-Technology Corp., Ltd. 
77 (Shanghai, China); four flavor peptides, Arg-Pro-Leu-Gly-Asn-Cys (RC-6), 
78 Pro-Val-Ala-Arg-Met-Cys-Arg (PR-7), Tyr-Gly-Gly-Thr-Pro-Pro-Phe-Val (YV-8) 
79 and Tyr-Lys-Cys-Lys-Asp-Gly-Asp-Leu-Arg (YR-9), which the information of amino 
80 acid sequence were originated from our group’s previous study, were synthesized by 
81 GL Bio-Chem Corp., Ltd. (Shanghai, China).5,6 The nominal purity of all peptides is 
82 higher than 98.5% (w/w, the company’s Test Reports, SHIMADZU LCMS-2010EV, 
83 Kromasil C18, 250 × 4.6 mm, 5 μm). Ultrapure water used for chromatography and 
84 sensory evaluation was prepared by a Milli-Q® Reference System (MERCK 
85 MILLIPORE, Darmstadt, Germany). 
86 Materials. Twenty bred T. obscurus at two years old were purchased from Dalian 
87 Tianzheng Industrial Co., Ltd (Liaoning Province, China). After being caught, T. 
88 obscurus were slaughtered by professional pufferfish operators according to The 
89 National Standard Method of China (SC/T 3033-2016), then the dorsal muscle was 
90 transported under ice in insulated polystyrene boxes to the laboratory by air transport 
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691 (no more than 4 h). Once in the lab, the meat was packaged in aluminum foil bag and 
92 stored at -71 °C until further analysis. 
93 Preparation of taste extract. T. obscurus muscle extract was prepared according to a 
94 process previously described.5 Frozen muscle fillets were thawed at 4 °C overnight. 
95 As shown in Figure 1, 200 g minced meat was mixed with 800 mL of ultrapure water 
96 and homogenized at 3 ×1,000 rpm for 2 min with an Ultra Turrax homogenizer (IKA 
97 Co., Germany). The homogenate was heated in a 100 °C ultrapure water bath for 3 h 
98 prior to filtration through a Whatman.No.54 filter membrane.5 The cooled filtrate 
99 (20 °C) was centrifuged (H1850R, Cence®, China) at 10,000 rpm for 20 min at 4 °C. 
100 The supernatant (natural extract) was collected and used directly for the quantitative 
101 analysis. The natural extract was diluted with ultrapure water at the ratio of 2:1 (v/v), 
102 and kept maximum 2 h before sensory evaluation (25 °C). 
103 Quantitative analysis
104 Quantitation of free amino acids. Free amino acids quantitation was determined by 
105 using the method developed by Adeyeye with some modification.16 The fat in T. 
106 obscurus was lost during cooking process and filtered out, thus there is no defatting 
107 step. The natural extract (10.00 g) was mixed with 15 mL of 0.1 M HCl under 
108 ultrasonic extraction for 30 min and centrifuged at 10,000 rpm for 10 min at 4 °C. 
109 10.00 mL of the above supernatant was pipetted into a 50 mL centrifuge tube and 
110 10.00 mL of 10% (w/v) TCA solution was added and mixed. The solution was kept at 
111 static stage for 1h to precipitate the potential protein in the sample, and then 
112 centrifuged at 10,000 rpm for 10 min at 4 °C. The supernatant was collected and 
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7113 adjusted to pH 2.0 (pH meter, Five Easy Plus, METTLER TOLEDO, Swiss) with 6 M 
114 NaOH and filtered through 0.22 μm water-filter before analysis by amino acid 
115 analyzer (L-8800, Hitachi Co., Tokyo, Japan). 
116 Quantitation of the 5´-nucleotides. 5´-nucleotides were quantitated by HPLC 
117 (Waters e2695, Waters, US) on a 250 × 4.6 mm, 5 μm, Inertsil ODS-3 column (GL, 
118 Japan) using gradient elution with methanol as buffer A and 20.0 mM 
119 KH2PO4-K2HPO4 (v/v=1:1, pH 5.8) as buffer B at a flow rate of 1 mL/min.17 The 
120 gradient was carried out as following, initial of 0% A for 6 min, linear change to 8% 
121 A for 9 min, linear change to 35% A for 5 min, keep for 2 min, linear change to 0% A 
122 for 2 min and finally keep for 6 min. The effluent was monitored at 254 nm by a UV 
123 detector (Waters 2998 PAD, Waters, US). All analyses were done in triplicate (n=3). 
124 The identity and quantity of the nucleotides were determined by comparison with the 
125 retention times and peak areas of each 5´-nucleotides standard solution (AMP and 
126 GMP respectively: 2.5, 5, 10, 15, 20, 50 mg/100 mL; IMP: 5, 10, 25, 50, 100, 200 
127 mg/100 mL). Specific quantitative parameters are shown in Table S1 of 
128 Supplementary Information.
129 Quantitation of organic acids. As for the contents of succinic acid and lactic acid, 
130 the natural extract was filtered by 0.45 μm filters prior to HPLC analysis.18 The HPLC 
131 and column were the same as described in Quantitation of the 5´-nucleotides, while 
132 the eluting solvents consist of A (methanol) and B (0.05% phosphoric acid). The 
133 gradient elution program was as following: initial of 5% A for 10 min, linear change 
134 to 15% A for 5 min, linear change to 70% A for 6 min and finally linear change to 5% 
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8135 A for 4 min. The samples were operated with a flow rate of 1.0 mL/min and 
136 monitored at 215 nm. All analyses were done in triplicate (n=3). Quantitative analysis 
137 was performed by comparing the peak areas of defined standard solutions (succinic 
138 acid: 5, 10, 20, 50, 100, 200 mg/100 mL; lactic acid: 25, 50, 100, 150, 200, 300 
139 mg/100 mL). Specific quantitative parameters are shown in Table S1.
140 Quantitation of organic bases. The betaine present in the natural extract (50.00 g) 
141 was firstly crystallized and precipitated by Reinecke's salt under acidic conditions (pH 
142 1, 12 M of HCl was used). Then the precipitate was dissolved with acetone/water 
143 (70/30, v/v) and the content was quantitated based on colorimetry at 525 nm using 
144 UV-visible spectrophotometer (UV-2450, GL, Japan).19 The quantitation was 
145 performed with a calibration curve, and the standard solution was 4, 8, 12, 16 and 20 
146 mg/100 mL in ultrapure water. TMAO in the samples was reduced to TMA with TiCl3 
147 (1%, w/v) and detected by Gas Chromatography-Mass Spectrometry (GC-MS) 
148 (Agilent 5977A, Agilent Technologies Inc., US).20 The natural extract (25.00 g) was 
149 mixed with 20.00 mL of 5% (w/v) TCA (extraction of TMA from the sample) and 
150 centrifuged at 4,000 rpm for 5 min. 2.00 mL of the supernatant was poured into 20 
151 mL headspace vial, and 5.00 mL of 50% (w/v) NaOH solution was added and 
152 equilibrated 40 min at 40 °C before quantitation of TMA by GC-MS. Operating with 
153 a flow rate of 1.0 mL/min, the following gradient was used for temperature program 
154 of chromatography: starting 40 °C for 3 min, then increased to 220 °C at the rate of 
155 30 °C/min, keeping 1 min. Using the electron ionization (EI), TMA was identified by 
156 the retention time (RT), auxiliary qualifier ion (m/z 59 and m/z 42) and quantitative 
Page 8 of 39
ACS Paragon Plus Environment
Journal of Agricultural and Food Chemistry
9157 ion (m/z 58), while quantitated via peak areas of standard substance (1, 2, 5, 10, 20, 
158 40 mg/mL). The content of TMAO was calculated as the differences in TMA content 
159 after and before reduction.20 Specific quantitative parameters are shown in Table S1.
160 Quantitation of inorganic ions. Sodium (Na+) and potassium (K+) content were 
161 determined using flame atomic absorption spectrophotometry (ZEEnit 700, Analytik 
162 Jena AG, Germany) according to the method of AOAC 2007.21 The quantitation was 
163 performed with a calibration curve, and the standard solutions for Na+ and K+ were 
164 0.574, 0.985, 1.854, 3.076 and 4.010 mg/L as well as 0.481, 1.009, 2.022, 3.000 and 
165 3.992 mg/L in ultrapure water, respectively. Phosphates (PO43-) were estimated 
166 following the conversion of molybdenum blue and quantitative analysis was carried 
167 out by standard solution (0.08, 0.16, 0.24, 0.32, 0.40 mg/L).22 Average quantitation of 
168 chlorides (Cl-) was measured according the modified method of Carpenter–Volhard.23 
169 Specific quantitative parameters are shown in Table S1.
170 Sensory evaluation
171 General conditions. All the sensory experiments were performed in an 
172 air-conditioned sensory lab (25 °C) with suitable ventilation and white light (ISO 
173 8589:2007 E). Fourteen internal panelists (12 females and 2 males, aged from 20 to 
174 26), who had no taste disorders and had half year experience of sensory evaluation, 
175 participated in the study after signing consent forms. Nose clips were used to prevent 
176 potential interactions with olfactory. The temperature of the samples (poured into 
177 plastic cups coded with three random numbers) and mouthwash (ultrapure water) was 
178 constant at 25 °C. During evaluation, the panelist placed about 10 mL sample into 
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179 mouth, held in mouth for 10 s and then spitted out. Ultrapure water was used for 
180 mouth rinsing, in case of any aftertaste. Panelist would take a at least 30 s rest, before 
181 evaluating the next sample. 
182 Training sessions. Fourteen panelists were trained during 15 one-hour sessions to 
183 learn how to recognize and quantitate the five basic tastes, kokumi and complex 
184 situation according to a series of sensory approaches. Firstly, they were trained on five 
185 basic tastes to evaluate the aqueous solutions of the following standards in ultrapure 
186 water: citric acid (0.430 mg/mL), sucrose (5.76 mg/mL), quinine sulfate (0.0325 
187 mg/mL), NaCl (1.19 mg/mL) and MSG (0.595 mg/mL) for sourness, sweetness, 
188 bitterness, saltiness and umami, respectively. Then triangle tests were used to 
189 establish the panels’ sensitivity of each basic taste at lower concentrations than the 
190 above five corresponding standards. Kokumi activity was trained according to the 
191 method of Meyer et al. and glutathione (5.0 mM, GSH) was used in this process.11 
192 Finally, the panelists were trained to rate umami according to a scale composed by 
193 different concentrations of MSG (0.24, 0.34, 0.49, 0.70 and 1.00 mg/mL). For 
194 experiments with reference sample, the intensities of standard solution using for 
195 reference were discussed and agreed within the panel. Then they were trained using 
196 standard solutions and asked to memorize its intensity corresponding. The test didn't 
197 perform until the panelists’ data at stabilized level.
198 Sensory experiments
199 Taste profile analysis. Five samples were presented to the panelists, including (1) a 
200 freshly prepared natural extract, (2) complete taste recombinant (CTR), (3) simplified 
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201 taste recombinant (STR), (4) CTR and (5) STR with 20.0 mg/100 mL of four flavor 
202 peptides (RC-6, PR-7, YV-8 and YR-9), respectively. They were asked to scale the 
203 intensity of attributes (sourness, sweetness, bitterness, saltiness, umami and kokumi) 
204 on a five-point rating scale from 0 to 4 (0, no perceived; 1, weak; 2, average; 3, strong 
205 and 4, extremely strong).14 Intensity of ultrapure water was set as point 0. citric acid 
206 (0.430 mg/mL), sucrose (5.76 mg/mL), quinine sulfate (0.0325 mg/mL), NaCl (1.19 
207 mg/mL), MSG (0.595 mg/mL), and GSH (5 mM) were set as point 4 for the five basic 
208 tastes and kokumi. Among them, a CTR was prepared according to the following 
209 detail: taste compounds range from group І to V (Table 1) were dissolved in ultrapure 
210 water in their natural concentrations and diluted with ultrapure water at 2:1 (v/v) to 
211 reduce fatigue of the panelists. Then the pH of the solution was adjusted to 6.4 (pH of 
212 the original natural extract under the same dilution fold) by KOH or HCl (0.1 mM). 
213 For the experiments listed below, all the taste recombinants were diluted 1.5 times by 
214 volume and the pH were regulated at 6.4 unless otherwise specified. 
215 Omission test. 30 incomplete taste reconstitutions were prepared by omitting single 
216 groups or individual taste compounds one by one from the CTR (Table 1). Each of 30 
217 solutions was presented to the panelists who were asked to identify one stimulus out 
218 of three (1 incomplete taste reconstitution & 2 CTRs) that is different from the other 
219 two by using triangle test.12,24 The panelists who judged correctly were required to 
220 describe the perceived differences in comparison to the CTRs and rate the taste 
221 attributes on a five-rating scale as described in taste profile analysis.
222 Addition test. A model solution consisting of 12 taste-active compounds which were 
Page 11 of 39
ACS Paragon Plus Environment
Journal of Agricultural and Food Chemistry
12
223 identified by the omission test (refer to Addition test in Results and Discussion) was 
224 prepared firstly, then the 15 components judged as no taste contribution (Table S3) 
225 were added to the model solution one by one in their natural concentrations. Each of 
226 the sample was presented to the panelists in comparison with two model solutions 
227 using a triangle test as mentioned above.
228 Dose-response analysis. A STR (refer to Addition test in Results and Discussion) 
229 with 20.0 mg/100 mL of PR-7 or YV-8 was prepared as the reference, and its intensity 
230 of umami and kokumi was defined as 0. Then the samples were prepared by adding 
231 PR-7 or YV-8 to a STR at increasing dose (5.0, 10.0, 20.0, 40.0, 80.0 mg/100 mL), 
232 respectively. The panelists were asked to taste the reference solution at first and then 
233 to evaluate taste attribute (umami and kokumi) of the samples on an 8 cm 
234 unstructured linear scale anchored from “suppress” (value -4) to “contribute” (value 
235 +4) based on the reference.10 
236 Statistical analysis
237 The quantitative data were given as averages ± standard deviations (SDs) of three 
238 independent replicates. All the sensory evaluations were repeated in triplicate, giving 
239 a total of 42 responses in each attribute (14 × 3). The significant difference (p < 0.05, 
240 p < 0.01 and p < 0.001) of the triangle tests were performed via a Criteria Table of 
241 ISO 4120:2004(E) (Sensory analysis—Methodology—Triangle test).24 ANOVA was 
242 used to determine the difference of individual taste attributes between natural extract, 
243 CTR, STR, CTR and STR with 20.0 mg/100 mL of four flavor peptides at a 5% 
244 significance level (p < 0.05) by SPSS (Version 17.0, SPSS Inc., Chicago, USA).
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245 Results and Discussion
246 Quantitative analysis
247 To elucidate the dominant taste-active compounds and construct an artificial solution 
248 imitating the natural extract taste, the contents of putative taste compounds needed to 
249 be quantitatively determined in a fresh aqueous extract of T. obscurus at first. Besides, 
250 taste activity values (TAVs) were used to obtain first insights into the taste impact of 
251 individual compound. The value was calculated as the ratio between the concentration 
252 of compound and its taste threshold.25,26 As shown in Table 1, the concentrations of 
253 all free amino acids in group I were found to be below their taste thresholds. Glutamic 
254 acid has a relatively higher TAV of 0.11, whereas TAVs of the others were less 0.1. 
255 Among the 5´-nucleotides (group II), quantitative analysis revealed IMP as the 
256 prominent umami 5´-nucleotide occurring in T. obscurus extract at concentrations of 
257 103.66 ± 0.41 mg/100 mL. In contrast, the concentrations of AMP and GMP were 
258 much lower (2.38 ± 0.09 and 5.96 ± 0.07 mg/100 mL, respectively). Simultaneously, 
259 IMP has the highest TAV (4.41), followed by GMP (0.73) while AMP presented a 
260 lower value (< 0.1). Group III and IV are composed of organic acids and organic 
261 bases, respectively. Evaluation of the TAVs of these compounds revealed a rather 
262 high value of lactic acid (3.55) and succinic acid (5.32), but much lower values for 
263 betaine and TMAO (< 0.1). In group V, TAVs of Na+, K+ and Cl- exceeded 1 except 
264 PO43- (Table 1). Therefore, IMP, lactic acid, succinic acid as well as Na+, K+ and Cl- 
265 may serve as potential taste contributors (TAVs > 1). Although the free amino acids 
266 were far below their taste thresholds in water, they were found to enhance the umami 
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267 and sweet character as previously described by Chen et al. for crab meat at very low 
268 concentrations.19 So the compounds in T. obscurus with a low TAV (< 1) could 
269 contribute to taste even at the subthreshold concentration, and the results will be 
270 further investigated in the below. 
271 Taste profile analysis of T. obscurus
272 According to quantitative analysis, a complete taste recombinant (CTR) containing 
273 the “natural” amounts of 28 taste compounds (Table 1) was prepared, and its taste 
274 profiles was compared with a freshly authentic aqueous extract of T. obscurus by the 
275 five-point rating scale. The sensory data revealed the highest scores of 2.6 and 2.5 for 
276 the intensity of umami and kokumi taste in natural extract, respectively. The saltiness 
277 was observed with a somewhat lower intensity of 1.1 (Figure 2A). In comparison, the 
278 taste attribute of sour, sweet and bitter were rated only with very low intensities 
279 (0.3-0.5). Therefore, umami and kokumi were the main body taste characteristics of T. 
280 obscurus, then was slight salty while the other taste qualities were especially low and 
281 could be neglected (Figure 2A). Simultaneously, the taste intensities of CTR were 
282 similar to the natural extract (Figure 2B). Sweet and sour were identical to the 
283 original, while the umami and kokumi taste just slightly lower intensity than authentic 
284 aqueous extract of T. obscurus (p > 0.05, Table S2). The results confirmed that the 
285 typical taste of the natural extract could be effectively reproduced by the 28 taste 
286 compounds (Table 1). In other words, key taste components of T. obscurus muscle 
287 have been successfully identified and quantitated.
288 Omission test
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289 After completing taste profile analysis, omission tests were carried out to investigate 
290 the taste contribution of group and individual component and reveal the key taste 
291 substances from Table 1. The first step was group omission test (Table 2). With the 
292 exception of group IV, significant taste difference was observed when group І, II, III 
293 and V were omitted from the CTR. For example, an extremely significant (p < 0.001) 
294 reduction of umami and kokumi perception was observed when group І (free amino 
295 acids) was removed. Similarly, umami (p < 0.001) and kokumi (p < 0.05) perceptions 
296 were significantly decreased with the exclusion of group II (5´-nucleotides) from the 
297 CTR. These results were consistent with previous studies that free amino acids and 
298 nucleotides mainly contributed to umami attribute.10,27 Similar experiments with the 
299 omission of group V (inorganic ions) led to a significant (p < 0.01) decrease of umami 
300 and saltiness. As for group IV, betaine and TMAO have been previously reported in 
301 some seafoods and contributed to sweet taste.11,12 Whereas in this research, the taste 
302 profile of T. obscurus were mainly umami and kokumi, and taste characteristics of 
303 sweet was very low. Thus, the role of group IV (organic bases) in the taste of T. 
304 obscurus could be neglected.
305 After identifying the groups responsible for the taste profile of T. obscurus, similar 
306 omission experiments were prepared by removing individual compound from group І, 
307 II, III and V to further reduce the numbers of components that contribute significantly 
308 to taste. In the group І (Table 2), the omission of glutamic acid led to a significant (p 
309 < 0.01) decrease of umami. Glutamic acid is an umami amino acid reported as a 
310 taste-active substance in many foods, such as the oval squid, Chinese mitten crab, 
Page 15 of 39
ACS Paragon Plus Environment
Journal of Agricultural and Food Chemistry
16
311 mushrooms, and tomato, etc.12,18,26,28,29 In the group II, only the omission of IMP led 
312 to a total weakening of sour, salty, kokumi, and especially for umami (p < 0.05). The 
313 overall acceptability and taste were declined distinctly in the absence of IMP. As 
314 such, IMP was a dominant taste-active compound in T. obscurus based on the sensory 
315 results and determination of TAV. In group III, removing succinic acid resulted in a 
316 significantly decrease of umami (p < 0.01), which is consistent with quantitative 
317 analysis (TAV > 1) and previous reports.26,30 In the group V, significant taste 
318 differences (p < 0.01) were observed with the exclusion of the four inorganic ions 
319 from the complete model mixture. Omission of K+ led to a significant increase (p < 
320 0.05) of sourness and a significant decrease of umami (p < 0.05). 
321 Addition test
322 Combining the results of group and individual omission tests, 12 compounds 
323 (glutamic acid, serine, proline, arginine, lysine, AMP, IMP, succinic acid, Na+, K+, 
324 PO43- and Cl-) were determined as the key taste-active compounds in T. obscurus. In 
325 order to avoid missing potential core components, addition tests were further 
326 implemented to determine whether associations of several components could have an 
327 unknown effect on one or more taste properties. However, none of the component was 
328 identified at the level of significance (p < 0.05) (Table S3).  
329 Thus, a simplified taste recombinant (STR) containing the above 12 taste-active 
330 compounds was obtained according to the results of the omission and addition tests. 
331 In particular, glutamic acid, IMP, succinic acid and K+, significantly contribute to the 
332 umami perception in the taste recombinant of T. obscurus (p < 0.05, Table 2). 
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333 Combined with the results of TAVs, the seven compounds (except for IMP, succinic 
334 acid, Na+, K+ and Cl-) were identified as the key taste compounds while their TAVs 
335 were less than 1. This means those components induced the characteristic taste of T. 
336 obscurus at subthreshold level. Although TAVs of lactic acid was higher than 1, it has 
337 no significant contribution to the typic taste of T. obscurus by a series of sensory 
338 evaluation. The reason could be that TAV is a useful value to evaluate the individual 
339 taste component, while interaction of compounds in food context may be not taken 
340 into consideration, such as synergy or masking effects.31 Based on the above results, 
341 the reported prominent taste components from aquatic products were summarized to 
342 explore if there are the common key taste contributors in aquatic products and their 
343 correlations with T. obscurus (Figure 3, the detail data was presented Table S4). 39 
344 key taste compounds originated from fish, crustaceans, mollusk and Echinodermata 
345 were found. Ten compounds including glutamic acid, glycine, alanine, arginine, IMP, 
346 AMP, Na+, K+, Cl- and PO43- were commonly found in most aquatic products (Figure 
347 3), and eight of them served as key contributors to T. obscurus. The results indicated 
348 that most of the prominent components were similar in aquatic foodstuffs. Those 
349 components constituted the basic taste profiles of aquatic foods, while the difference 
350 in type of unique compounds and quantitation of shared substances lead to a specific 
351 taste for each aquatic food.11,12 
352 Since then, taste attributes between the CTR and STR were compared by the triangle 
353 test and the five-rating scale as described before. Although a significant difference 
354 was found in the single taste attributes through a five-rating scale (Table S2), where 
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355 umami and kokumi were stronger (P < 0.05) in the CTR, the two solutions could be 
356 scarcely discriminated (correct response = 20/42) on the overall taste. MSG-like 
357 amino acids (aspartic acid and glutamic acid) and 5´-nucleotides, especially AMP, 
358 GMP and IMP, played a dominant role in umami taste, and the synergistic effects of 
359 those compounds could further enhance umami-like taste, such as aspartic acid, 
360 glutamic acid and IMP, sweet amino acids (serine, glycine and alanine) and 
361 IMP.27,32-34 The lower intensity of umami taste in the STR compared with CTR might 
362 be due to the partial absence of those compounds and thus leading to a weaker 
363 synergistic effect. Whereas the difference of CTR and STR could have other unknown 
364 compounds contributing towards kokumi, such as oligopeptides.11,35 This part will be 
365 further investigated below.
366 Taste contribution of flavor peptides in T. obscurus
367 To figure out whether the flavor peptides contained in T. obscurus contribute to the 
368 characteristic umami and kokumi taste of pufferfish, additional taste recombinants 
369 were prepared by spiking four flavor peptides (RC-6, PR-7, YV-8 and YP-9) to the 
370 CTR and STR, respectively. The four peptides were chosen for their prominent taste 
371 of fishy, umami and kokumi during isolation and purification process (the detail taste 
372 characteristics of flavor peptides in T. obscurus is presented in Table S5).5,6 When the 
373 four peptides were added to the CTR, a significant (p < 0.05) increase of umami and 
374 kokumi perception was detected by a triangle test (Table 3). Moreover, taste profile 
375 analysis of this recombinant presented increased intensities of umami (2.3→2.6) and 
376 kokumi (2.3→2.5), which matched very well with the taste profile found in natural 
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377 extract (Figure 1D). Similarly, an approximate positive result was also observed in the 
378 STR. The kokumi and umami intensity score was increased from 2.0 to 2.4 by adding 
379 four peptides, respectively (Table S2), and was closer to the taste profile of natural 
380 extract (Figure 1E). Therefore, the addition of four peptides mainly bridge the gap of 
381 taste difference between the natural extract and artificial imitation recombinant of T. 
382 obscurus.
383 On this basis, omission tests were also carried out to narrow the prominent flavor 
384 peptides contribute to taste attribute in T. obscurus. Whether in CTR or STR, the 
385 omission of PR-7 and YV-8 led to a significant (p < 0.05) reductions in umami and 
386 kokumi taste (Table 4). However, there was no significant difference (p > 0.05) was 
387 perceived in both model systems when RC-6 and YP-9 were removed. As a result, it 
388 could be concluded that PR-7 and YV-8 were also the key taste-active compounds in 
389 T. obscurus.  
390 Dose-response analysis. To further investigate the concentration effects of PR-7 and 
391 YV-8 on umami and kokumi taste of T. obscurus, dose-response analysis was 
392 performed. Positive correlation between the concentrations and umami & kokumi 
393 intensity of two peptides were revealed (Figure 4). The Pearson correlation 
394 coefficients (r) of umami and kokumi for PR-7 were 0.94 and 0.92, respectively, and 
395 they are both 0.98 for YV-8. Therefore, the two flavor peptides have clear umami and 
396 kokumi modulation in T. obscurus model solution. Due to peptides losing during 
397 isolation and purification processes, the amounts of the four flavor peptides (RC-6, 
398 PR-7, YV-8 and YP-9) in T. obscurus were unknown.5 Although the concentration 
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399 (20 mg/100 mL) of four flavor peptides in model solution may be inconsistent with 
400 the “natural” concentrations, the results proved that flavor peptides were one of the 
401 indispensable components in the characteristic taste for T. obscurus. Further research 
402 will be necessary to quantitate the concentration of those peptides, so that their 
403 contribution to the overall taste of T. obscurus could be rigorously elaborate.
404 Collectively, 12 compounds, glutamic acid, serine, proline, arginine, lysine, AMP, 
405 IMP, succinic acid, Na+, K+, PO43- and Cl- were identified as the key taste-active 
406 components in T. obscurus. This was similar to the common prominent taste 
407 contributors that have been found in aquatic products. More especially, two flavor 
408 peptides, PR-7 and YV-8 could significantly increase the typical umami and kokumi 
409 taste characteristics of T. obscurus. The overall taste profile of T. obscurus can be 
410 greatly reconstituted by those components. These results, therefore, help for a better 
411 understanding of the delicious mystery of T. obscurus taste and establish the 
412 theoretical foundation for the further development of pufferfish flavor.
413 Acknowledgment
414 The authors sincerely thank all the panelists for experimental support. The help of Ms. 
415 Yanping Chen and Gaole Chen from School of Agriculture and Biology, Shanghai 
416 Jiaotong University in reviewing this article is greatly appreciated. 
417 Funding Sources
418 This work was financially supported by the National Natural Science Foundation of 
419 China (Grant No. 31622042, 31371790, 31271900).
420 Ethics & Conflict of Interest
Page 20 of 39
ACS Paragon Plus Environment
Journal of Agricultural and Food Chemistry
21
421 The authors declare no competing financial interest.
422 Supplementary Information 
423 Table S1: Parameters related to quantitative analysis;
424 Table S2: Intensity of taste attribute of natural and synthetic extract; 
425 Table S3: Results of addition tests;
426 Table S4: Key taste-active compounds in some aquatic products; 
427 Table S5: Taste characteristics of flavor peptides in T. obscurus.
Page 21 of 39
ACS Paragon Plus Environment
Journal of Agricultural and Food Chemistry
22
428 References
429 (1) Li, Y.Q.; Wang, L.Y.; Tao, N.P. Analysis and evaluation of nutritional 
430 composition of farmed male pufferfish (Takifugu obscurus). IFSRAP 2013-The First 
431 International Forum on Studies of Rural Areas and Peasants; Yiqiang, L; Haijin, L; 
432 Rongzhuo, C; Fang, X; SHS Web of Conferences: Wuhan, China, 2014; 6. 
433 (2) Tao, N.P.; Wang, Y.L.; Gong, X.; Liu, Y. Comparison of nutritional 
434 composition of farmed pufferfish muscles among Fugu obscurus, Fugu flavidus and 
435 Fugu rubripes. J. Food Compos. Anal. 2012, 28, 40-45.
436 (3) Chen, L.; Qiu, J.L.; Tang, Y.J.; Xu, J.Q.; Huang, S.Y.; Liu, Y.; Ouyang, G.F. 
437 Rapid in vivo determination of tetrodotoxin in pufferfish (Fugu) muscle by 
438 solid-phase microextraction coupled to high-performance liquid chromatography 
439 tandem mass spectrometry. Talanta. 2017, 171, 179-184.
440 (4) Hwang, D.F.; Chen, T.Y.; Shiau, C.Y.; Jeng, S.S. Seasonal variations of free 
441 amino acids and nucleotide-related compounds in the muscle of cultured Taiwanese 
442 puffer Takifugu rubripes. Fish. Sci. 2000, 66, 1123-1129.
443 (5) Zhang, M.X.; Wang, X.C.; Liu, Y.; Xu, X.L.; Zhou, G.H. Isolation and 
444 identification of flavour peptides from Pufferfish (Takifugu obscurus) muscle using an 
445 electronic tongue and MALDI-TOF/TOF MS/MS. Food Chem. 2012, 135, 
446 1463-1470.
447 (6) Yu, X.Q.; Zhang, L.J.; Miao, X.D.; Li, Y.Y.; Liu, Y. The structure features of 
448 umami hexapeptides for the T1R1/T1R3 receptor. Food Chem. 2017, 221, 599-605.
449 (7) Engel, E.; Nicklaus, S.; Garem, A.; Septier, C.; Salles, C.; Le Quere, J.L. 
Page 22 of 39
ACS Paragon Plus Environment
Journal of Agricultural and Food Chemistry
23
450 Taste-active compounds in a goat cheese water-soluble extract. 1. Development and 
451 sensory validation of a model water-soluble extract. J. Agric. Food Chem. 2000, 48, 
452 4252-4259.
453 (8) Engel, E.; Nicklaus, S.; Septier, C.; Salles, C.; Le Quere, J.L. Taste-active 
454 compounds in a goat cheese water-soluble extract. 2. Determination of the relative 
455 impact of water-soluble extract components on its taste using omission tests. J. Agric. 
456 Food Chem. 2000, 48, 4260-4267.
457 (9) Williams, A.A. Flavour quality—Understanding the relationship between 
458 sensory responses and chemical stimuli. What are we trying to do? The data, 
459 approaches and problems. Food Quality and Preference. 1994, 5, 3-16.
460 (10) Gong, J.; Shen, H.; Zheng, J.y.; Tao, N.p.; Gu, S.q.; Huang, Y.W.; Wang, 
461 M.F. Identification of key umami-related compounds in Yangtze Coilia ectenes by 
462 combining electronic tongue analysis with sensory evaluation. RSC Adv. 2016, 6, 
463 45689-45695.
464 (11) Meyer, S.; Dunkel, A.; Hofmann, T. Sensomics-assisted elucidation of the 
465 tastant code of cooked crustaceans and taste reconstruction experiments. J. Agric. 
466 Food Chem. 2016, 64, 1164-1175.
467 (12) Kani, Y.; Yoshikawa, N.; Okada, S.; Abe, H. Taste-active components in the 
468 mantle muscle of the oval squid Sepioteuthis lessoniana and their effects on squid 
469 taste. Food Res. Int. 2008, 41, 371-379.
470 (13) Yu, P.; Yeo, A.S.L.; Low, M.Y.; Zhou, W. Identifying key non-volatile 
471 compounds in ready-to-drink green tea and their impact on taste profile. Food Chem. 
Page 23 of 39
ACS Paragon Plus Environment
Journal of Agricultural and Food Chemistry
24
472 2014, 155, 9-16.
473 (14) Scharbert, S.; Hofmann, T. Molecular definition of black tea taste by means 
474 of quantitative studies, taste reconstitution, and omission experiments. J. Agric. Food 
475 Chem. 2005, 53, 5377-5384.
476 (15) Salles, C.; Nicklaus, S.; Septier, C. Determination and gustatory properties 
477 of taste-active compounds in tomato juice. Food Chem. 2003, 81, 395-402.
478 (16) Adeyeye, E.I. Amino acid composition of three species of Nigerian fish: 
479 Clarias anguillaris, Oreochromis niloticus and Cynoglossus senegalensis. Food 
480 Chem. 2009, 113, 43-46.
481 (17) Liu, Y.; Qiu, C.P. Calculated taste activity values and umami equivalences 
482 explain why dried Sha-chong (Sipunculus nudus) is a valuable condiment. J. Aquat. 
483 Food Prod. Technol. 2016, 25, 177-184.
484 (18) Chen, D.W.; Zhang, M. Non-volatile taste-active compounds in the meat of 
485 Chinese mitten crab (Eriocheir sinensis). Food Chem. 2007, 104, 1200-1205.
486 (19) E, S.; Martinez, V. Simultaneous determination of choline and betaine in 
487 some fish materials. Analyst. 1983, 108, 1114-1119.
488 (20) daCosta, K.A.; Vrbanac, J. J.; Zeisel, S. H. The measurement of 
489 dimethylamine, trimethylamine, and trimethylamine N-oxide using capillary gas 
490 chromatography-mass spectrometry. Anal. Biochem. 1990, 187, 234-239.
491 (21) AOAC, Official methods of analysis. Association of Official Analytical 
492 Chemists. 2007.
493 (22) Shirai, T.; Hirakawa, Y.; Koshikawa, Y.; Toraishi, H.; Terayama, M.; 
Page 24 of 39
ACS Paragon Plus Environment
Journal of Agricultural and Food Chemistry
25
494 Suzuki, T.; Hirano, T. Taste components of Japanese spiny and shovel-nosed lobsters. 
495 Fish. Sci. 1996, 62, 283-287.
496 (23) Bañón, S.; Cayuela, J.M.; Granados, M.V.; Garrido, M.D. Pre-cure freezing 
497 affects proteolysis in dry-cured hams. Meat Sci. 1999, 51, 11-16.
498 (24) International Organization for Standardization. ISO 4120:2004. In Sensory 
499 analysis—Methodology—Triangle test, 2004.
500 (25) Schlichtherle-Cerny, H.; Grosch, W. Evaluation of taste compounds of 
501 stewed beef juice. Z. Lebensm.-Unters. -Forsch. A. 1998, 207, 369-376.
502 (26) Rotzoll, N.; Dunkel, A.; Hofmann, T. Quantitative studies, taste 
503 reconstitution, and omission experiments on the key taste compounds in Morel 
504 mushrooms (Morchella deliciosa Fr.). J. Agric. Food Chem. 2006, 54, 2705-2711.
505 (27) Manninen, H.; Rotola-Pukkila, M.; Aisala, H.; Hopia, A.; Laaksonen, T. 
506 Free amino acids and 5´-nucleotides in Finnish forest mushrooms. Food Chem. 2018, 
507 247, 23-28.
508 (28) Cho, I.H.; Choi, H.K.; Kim, Y.S. Comparison of umami-taste-active 
509 components in the pileus and stipe of pine-mushrooms (Tricholoma matsutake Sing.) 
510 of different grades. Food Chem. 2010, 118, 804-807.
511 (29) Oruna-Concha, M.J.; Methven, L.; Blumenthal, H.; Young, C.; Mottram, 
512 D.S. Differences in glutamic acid and 5´-ribonucleotide contents between flesh and 
513 pulp of tomatoes and the relationship with umami taste. J. Agric. Food Chem. 2007, 
514 55, 5776-5780.
515 (30) Rotzoll, N.; Dunkel, A.; Hofmann, T. Activity-guided identification of 
Page 25 of 39
ACS Paragon Plus Environment
Journal of Agricultural and Food Chemistry
26
516 (S)-malic acid 1-O-D-glucopyranoside (morelid) and γ-aminobutyric acid as 
517 contributors to umami taste and mouth-drying oral sensation of morel mushrooms 
518 (Morchella deliciosa Fr.). J. Agric. Food Chem. 2005, 53, 4149-4156.
519 (31) Sato, T.; Ohgami, S.I.; Kaneniwa, M. Seasonal variations in free amino 
520 acids, nucleotide-related compounds, and fatty acids and meat yield of the coconut 
521 crab Birgus latro. Fish. Sci. 2015, 81, 959-970. 
522 (32) Morris, W.L.; Ross, H.A.; Ducreux, L.J.M.; Bradshaw, J.E.; Bryan, G.J.; 
523 Taylor, M.A. Umami compounds are a determinant of the flavor of potato (Solanum 
524 tuberosum L.). J. Agric. Food Chem. 2007, 55, 9627-9633.  
525 (33 Yamaguchi, S.; Yoshikawa, T.; Ikeda, S.; Ninomiya, T. Measurement of the 
526 relative taste intensity of some L-α-amino acids and 5´-nucleotides. J. Food Sci. 1971, 
527 36, 846-849.
528 (34) Kawai, M.; Okiyama, A.; Ueda, Y. Taste enhancements between various 
529 amino acids and IMP. Chem. Senses. 2002, 27, 739-745.
530 (35) Toelstede, S.; Dunkel, A.; Hofmann, T. A series of kokumi peptides impart 
531 the long-lasting mouthfulness of matured Gouda cheese. J. Agric. Food Chem. 2009, 
532 57, 1440-1448.
Page 26 of 39
ACS Paragon Plus Environment
Journal of Agricultural and Food Chemistry
27
Figure captions
Figure1. Scheme of preparation of natural extract of T. obscurus.
Figure 2. Taste attribute of natural and several taste recombinants of T. obscurus. A, 
taste profile of a freshly prepared natural extract; Black dotted line in B, C, D and E 
represented the taste intensity value which were standardized based on A (six taste 
attribute values of A were defined as “1”). B, the complete taste recombinant (CTR), 
containing 28 compounds (Table 1); C, a simplified taste recombinant (STR), 
containing 12 key taste-active components; D and E, a CTR and STR with four flavor 
peptides, respectively. 
Figure 3. Key taste-active compounds that have been reported in 24 aquatic products. 
“24” is the result in this study while “1-23” is the literature reports. The 39 prominent 
components (free amino acids, 5´-nucleotides, organic acids, organic bases, inorganic 
ions and others) were obtained, which were originated from fish, crustaceans, mollusk 
and Echinodermata. Among them, glutamic acid, glycine, alanine, arginine, IMP, 
AMP as well as Na+, K+, Cl- and PO43- were commonly found in the above foodstuffs. 
Isoleucine was not contained.
Figure 4. Effects of addition of PR-7 (A) or YV-8 (B) at increased concentrations in a 
simplified taste recombinant (STR) on each taste attribute (umami and kokumi). 
Intensity of taste was evaluated by an 8 cm unstructured linear scale anchored from 
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“suppress” (value -4) to “contribute” (value 4), 0 referring to the taste intensity of 
standard solution (STR with 20 mg/100 mL PR-7 or YV-8). For each taste attribute, 
y-axis represents the amount of peptide added was 5.0, 10.0, 20.0, 40.0 and 80.0 
mg/100 mL, respectively (bottom to up). 
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Tables
Table 1 Compositions, contents, taste thresholds and TAVs of non-volatile 
taste-active compounds in boiled muscles of T. obscurus (n=3).
Component Content 
(mg/100 mL)
Taste threshold 
(mg/100 mL)a
TAV
Group І: free amino acids
Aspartic acid 0.68±0.06 53.24 < 0.1
Glutamic acid 1.77±0.15 16.18 0.11
Serine 0.98±0.08 262.75 < 0.1
Glycine 9.47±0.70 187.75 < 0.1
Threonine 1.11±0.10 416.85 < 0.1
Alanine 6.20±0.15 106.92 < 0.1
Proline 1.33±0.12 287.75 < 0.1
Arginine 6.21±0.55 1306.50 < 0.1
Lysine 23.81±2.09 1169.60 < 0.1
Valine 0.59±0.04 351.45 < 0.1
Histidine 0.41±0.03 698.40 < 0.1
Tyrosine 0.39±0.04 72.44 < 0.1
Phenylalanine 0.83±0.08 743.40 < 0.1
Isoleucine 0.39±0.03 131.20 < 0.1
Leucine 0.61±0.05 144.32 < 0.1
Cysteine ND 24.22b —
Methionine 0.28±0.03 74.60 < 0.1
Group II: 5´-nucleotides
AMP 2.38±0.09 86.8 < 0.1
GMP 5.96±0.07 8.14 0.73
IMP 103.66±0.41 23.53 4.41
Group III: organic acids
Lactic acid 239.71±1.55 67.55 3.55
Succinic acid 56.53±5.69 10.63 5.32
Group IV: organic bases
Betaine 14.95±3.68 234.30 < 0.1
TMAO 0.86±0.05 722.41 < 0.1
Group V: inorganic ions
Na+ 28.34±2.81 8.97 3.16
K+ 85.31±15.18 50.83 1.68
PO43- 77.07±12.46 142.46 0.54
Cl- 45.09±11.26 13.85 3.26
Taste activity values (TAVs), the ratio between the concentration of taste compounds 
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and its threshold value; ND, not detected; aTaste threshold (mg/100 mL) was 
determined by a triangle test as reported recently;11 bTaste threshold (mg/100 mL) was 
taken from the literature.26 
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Table 2 The effect of absence of group or individual compounds on the taste 
attributes of the complete taste recombinant of T. obscurus.
Omission 
component
NO. of correct 
identification (n=42)
Level of 
significance
Degree of taste difference 
(change in taste intensity)
Group І 34 *** U*** (2.3→1.2), K*** 
(2.3→1.5), S, Sa 
Aspartic acid 19 -
Glutamic acid 22 ** U** (2.3→1.9), So, Sa, 
K
Serine 25 *** S, Sa, U, K
Glycine 17 -
Threonine 19 -
Alanine 18 -
Proline 28 *** U** (2.3→2.6), S, Sa
Arginine 28 *** S, Sa, U
Lysine 25 *** Sa, K
Valine 16 -
Histidine 18 -
Tyrosine 18 -
Phenylalanine 16 -
Isoleucine 15 -
Leucine 16 -
Methionine 14 -
Group II 36 *** U*** (2.3→0.9), K* 
(2.3→2.0), S, Sa
AMP 20 * So, Sa
GMP 15 -
IMP 26 *** U* (2.3→1.7), So, Sa, 
K, Overall taste faded
Group III 25 *** U*** (2.3→1.8), So, S, 
Sa, K
Lactic acid 19 -
Succinic acid 22 ** U* (2.3→2.1), So, B, 
K
Group IV 12 -
Group V 29 *** Sa** (1.3→0.7), U** 
(2.3→1.8), So, 
Na+ 29 *** B, Sa, U
K+ 29 *** So* (0.5→0.8), U* 
(2.3→2.1), Sa 
PO43- 24 ** So, Sa, U
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Cl- 27 *** So, B, U
So, sourness; S, sweetness; B, bitterness; Sa, saltiness; U, umami; K, kokumi; -, Not 
significant; * p < 0.05; ** p < 0.01; *** p < 0.001.
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Table 3 Effect of four flavor peptides addition on the taste characteristics of a CTR 
and STR. 
addition flavor 
peptide
NO. of correct 
identification (n=42)
Level of 
significance
Degree of taste difference 
(change in taste intensity)
CTR + peptide 25 *** U* (2.3→2.6), K* 
(2.3→2.5), So, Sa
STR + peptide 30 *** K** (2.0→2.4), U** 
(2.0→2.4), Sa, So, 
CTR + peptide, a taste recombinant was prepared by adding four flavor peptides 
(RC-6, PR-7, YV-8 and YP-9) to the complete taste recombinant (CTR) containing 28 
taste compounds; STR + peptide, a taste recombinant was prepared by adding four 
flavor peptides to the simplified taste recombinant (STR) only containing 12 key 
taste-active compounds; So, sourness; S, sweetness; B, bitterness; Sa, saltiness; U, 
umami; K, kokumi; * p < 0.05; ** p < 0.01; *** p < 0.001. 
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Table 4 Influence of individual flavor peptide omission on the taste attributes of a 
complete and simplified taste recombinant.
Omission 
component
NO. of correct 
identification (n=42)
Level of 
significance
Degree of taste difference 
(change in taste intensity)
Complete taste recombinant
RC-6 13 -
PR-7 20 * U* (2.6→2.4), K, Sa
YV-8 20 * U, So, Sa, K
YR-9 13 -
Simplified taste recombinant
RC-6 18 -
PR-7 21 * K* (2.4→2.1), U, Sa
YV-8 20 * K* (2.4→2.2), U 
YR-9 18 -
So, sourness; S, sweetness; B, bitterness; Sa, saltiness; U, umami; K, kokumi; -, not 
significant; * p < 0.05; ** p < 0.01; *** p < 0.001.
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